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MEMORANDUM FOR F I L E  

Depending on magnitude and d i r e c t i o n ,  winds can cause ex- 
c e s s i v e  v e h i c l e  bending moments, c o n t r o l  law l i m i t a t i o n s ,  i n s u f f i -  
c i e n t  GSE c l ea rance ,  and a b o r t  s u r v i v a l  problems. T o  l i m i t  t h e s e  
r e l a t i o n s h i p s  t o  s a f e  va lues ,  c o n s t r a i n t s  a r e  p laced  on v a r i o u s  
f a c e t s  of countdown, launch, and post-launch ope ra t ions .  These 
c o n s t r a i n t s  are usua l ly  s t a t e d  i n  t h e  form of maximum wind magni- 
tude  and d i r e c t i o n  under t h e  i n f l u e n c e  of which it i s  s a f e  t o  pro- 
ceed. Occas iona l ly ,  bending moment l i m i t a t i o n  i t s e l f  i s  quoted 
where  t h e  t o t a l  e f fec t  i s  more e a s i l y  assessed  than t h e  v a r i e t y  of 
causes .  

Figure 1 i s  an overview of Apollo 1 2  s p e c i f i c  wind con- 
s t r a i n t s  a r i s i n g  from cons ide ra t ion  of t h e s e  gene ra l  classes of 
problems. The d i f f e r e n c e s  a l o f t  between Apollo 1 2  and Apollo 11 
va lues  r e f l e c t  seasonal  changes i n  wind cl imatology.  Other sea- 
s o n a l  changes inc lude  su r face  winds i n  F igure  2 ,  up about  f i v e  
kno t s  from J u l y .  
i n s i g n i f i c a n c e .  

f - 3  

Thunderstorm'") p r o b a b i l i t y  i s  down t o  

rn-l- laule  1 1 propellant lcading c z n s t r a i n t s  a re  i d e n t i c a l  t D  

Apollo 11, as i s  t h e  81.5 x 106 inch-pound v e h i c l e  bending moment 
launch c o n s t r a i n t .  I f  bending moment in s t rumen ta t ion  f a i l s ,  30 
kno t s  may be used; wind speeds between 30 and 4 7  knots; r e q u i r e  
s imula t ion  f o r  launch dec i s ion .  
p r ~ b a b i l i t y ' ~ )  of exceeding 3 0  knots  i s  about two pe rcen t  a t  0 4 0 0  
hours  and n ine  pe rcen t  a t  1400  hours .  Abort s u r v i v a l  c o n s t r a i n t  
i s  25 kno t s  t o  prevent  excess ive  land  landing  impact v e l o c i t y .  

l i n e a r  func t ions  of t h r u s t  vec to r  o f f s e t  and w i n d  v e c t o r .  Hold 
down p o s t  r e d l i n e s  are +0.29  degrees  p i t c h  o r  yaw o f f s e t  f o r  50 
kno t s  from a c r u c i a l  sector. 
o f f s e t  p o l a r i t y ,  as Figure 3 shows. Tower c l ea rance  i s  e s p e c i a l l y  
s e n s i t i v e  t o  p o s i t i v e  yaw and winds from t h e  123 t o  233 degree 
sector. Redl ines  are +0.09 degrees  f o r  33 knots  from t h i s  reg ion .  
The F igu re  determines c o n s t r a i n i n g  r e l a t i o n s h i p s  when r e d l i n e s  are 
exceeded. Note 6 c a l k a t t e n t i o n  t o  areas of i n s e n s i t i v i t y .  

The one-hour exposure. .per iod 

Hold down p o s t  and tower c l ea rances  ( 4 )  a t  l i f t o f f  are non- 

C r u c i a l  s e c t o r  l o c a t i o n  depends on 
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The Figure 1 November wind rose ( 5 )  a t  1 0  k i lome te r s  
shows no head winds between 9 5  and 1 4 0  degrees .  L imi t a t ions  
a l o f t  are wind-biased t o  take  advantage of t h i s  low p robab i l -  
i t y .  The 95 p e r c e n t i l e  winds m o s t  c l o s e l y  approach v e h i c l e  
l i m i t a t i o n s  a t  t h i s  l eve l ,  making 1 0  k i lome te r s  t h e  m o s t  
c r i t i c a l  a l t i t u d e  (6) for  Apollo 1 2 .  

2032-WOC-tla W .  0. Campbell 

Attakhments 
F igures  1 , 2 , 3  
Table 1 



BELLCOMM, I N C .  

References 

1. T e r r e s t r i a l  Envi ronment  ( C l i m a t i c )  C r i t e r i a  G u i d e l i n e s  f o r  
u s e  i n  Space Vehicles Development, 1966 Revis ion,  NASA 
TM X-53328, Glen E .  Daniels,  James R. S c o g g i n s ,  a n d  Orvel  E. 
S m i t h ,  May 1, 1966.  

2 .  Apollo 11 Wind and  Weather  C o n s t r a i n t s  - C a s e  320 ,  Bellcomm, 
Inc.  Memorandum fo r  F i l e ,  W. 0. C a m p b e l l ,  J u l y  8 ,  1969 .  

3.  Apol lo  4 (SA-501) Launch Wind R e s t r i c t i o n s  - C a s e  320 ,  
B e l l c o m m ,  Inc.  Memorandum f o r  F i l e ,  W .  0. C a m p b e l l ,  
November 8 ,  1967.  

4 .  Launch M i s s i o n  R u l e s  A p o l l o  1 2  (SA-507/CSM-108/LM-6), KSC, 
October 2 ,  1969.  

5 .  S a t u r n  V Launch V e h i c l e  F l i g h t  Dynamics Analysis AS-507, DS- 
1 5 5 0 9 ( F ) - 7 ,  The Boeing Company, J u l y  2 4 ,  1969.  

6 .  MSFC C o n v e r s a t i o n s ,  R-AERO-FFA, J .  E .  Moore, October 27 ,  28 ,  
30 ,  a n d  31, 1969.  



. 

11 km 

9 km 

7km 

5 km 

@E&$) 
*- . -! 

I ! ! !  

VEHICLE 
CROSS WIND 
LIMITATIONS 

S C A L E :  
M I S E C .  

HEAD, TAIL WIND 
LIMITATIONS 

TOWER CLEARANCE (33 KNOTS SOUTH 

HOLDOWN POST CLEARANCE (50 KNO 

LAUNCH (30 KNOTS)' 

PAD ABORT (25 KNOT 

COUNTDOWN, LOADED, 1.4 F.S. 
(60 KNOTS) 

RUN SIMULATION >30, <47 
TO VERIFY BENDING MOMENT 
<81.5 x lo6 IN.-LB. 

W F T .  N- 

FIGURE 1 - APOLLO 12 WIND CONSTRAINTS 
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WIND MAGNITUDE AT 60 FOOT LEVEL - KNOTS 
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WIND AZIMUTH-DEGREES 

TO DETERMINE CONSTRAINING RELATIONSHIP, PLOT MEASURED VALUE OF TWO OF THE THREE 
PARAMETERS, EXAMPLE: YAW + 0.09 D E G . ~ ,  WIND 163 D E G . ~ .  THESE CONSTRAIN WIND TO 
33 KNOTS MAX. 0.  

WIND MAGNITUDE AT 60 FOOT LEVEL-KNOTS 

+ 
0 45 90 135 180 225 270 31 5 360 W 

WIND AZIMUTH-DEGREES 
NOTES 

1. REDLINE VALUES : 
WIND 50 KNOTS MAX. 8: +0.09DEG. YAW MAX. AND SOUTHERLY WIND (123 TO 233 DEG.) 
33 KNOTS MAX. C: IF ANY 4 OR 

9: +_ 0.30 DEG. MAX.  ROLL. PITCH, YAW +_ 0.29 DEG. MAX. AND 

MAXIMA EXCEEDED, SEE REMAINING NOTES. 
2. WIND AZIMUTH SCALE FOR POSITIVE PITCH THRUST VECTOR OFFSET 
3. --AZIMUTH SCALE---NEGATIVE PITCH---. 
4. --AZIMUTH SCALE---NEGATIVE YAW---. 
5. --AZIMUTH SCALE---POSITIVE YAW---. 
6. FOR AZIMUTH RANGE INDICATED, WIND 50 KNOTS MAX. PLUS PITCH OR YAW OFFSET 0.65 DEGREES 

MAX. ARE PERMISSIBLE. 

NOTE 5 

FIGURE 3 - THRUST VECTOR REDLINES FOR HOLD DOWN POST AND TOWER CLEARANCES 
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